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Embolization is likely to be important in con-
tributing to the pathogenesis of lower limb ischemia in
patients with peripheral vascular disease, both in the
nonoperative setting and in the perioperative period in
patients who undergo percutaneous transluminal
angioplasty (PTA). In 1964, Dotter and Judkins1
described the technique of PTA. The technique now is
accepted in the management of peripheral and coro-
nary artery occlusive disease.2,3 PTA has a number of
potential advantages, including a shorter hospital stay,
avoidance of general anesthesia and surgical incision,
and an ability to dilate surgically inaccessible lesions.2-4
However, one of the most serious complications is
microembolization. Rupture of the plaque and
endothelial denudation resulting from balloon angio-
plasty leads to the release of atheromatous debris and
the activation and deposition of platelets.5-7 Although
the risk of clinically obvious distal embolization esti-
mated by the rate of myocardial infarction, stroke, and
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peripheral arterial emboli ranges from 4% to 5%,2-4,8
the true incidence rate of asymptomatic embolization
after carotid angioplasty and aortoiliac endoluminal
procedures is probably much higher.9,10
Recently, it has been discovered that circulating
solid emboli composed of atheromatous debris,
platelet aggregates, and thrombus can be detected by
means of Doppler ultrasound scanning when they
appear as short-duration high-intensity signals in the
Doppler scan spectrum.11,12 A number of studies
have detected similar embolic signals (ES) during
transcranial Doppler ultrasound scan recordings from
the cerebral arteries in patients with potential cardiac
or carotid embolic sources.13-16 There have been no
studies in patients with peripheral vessel stenoses,
although a recent study detected ES during record-
ings from the femoral arteries in patients who under-
went endoluminal and open aortic aneurysm
surgery.10 A number of studies in the cerebral circu-
lation have shown that the rate of cerebral ES distal
to an internal carotid artery stenosis is higher in
patients who are recently symptomatic than in
patients who are asymptomatic and that the rate
declines after carotid endarterectomy.14,15 This find-
ing suggests that the detection of cerebral ES may
allow an “active” plaque to be identified. ES also
have been detected during the dissection phase and
the postoperative phase in patients who underwent
carotid endarterectomy, and, in these situations, their
presence has been associated with the development
of postoperative neurologic complications.17-20
To date, no previous studies have been published
regarding ES detection during PTA of the peripher-
al arteries with Doppler ultrasound scanning.
Therefore, we performed a prospective study in
patients who underwent iliac PTA, with Doppler
ultrasound scanning of the common femoral artery
(CFA), to monitor for ES in the immediate postop-
erative period. We compared the incidence rate of
ES in this group with the rate in a control group of
patients who underwent PTA for renal stenosis and
in whom any emboli released from the plaque as a
result of rupture and subsequent thromboembolism
would pass down the renal artery and, therefore, not
be detected in the CFA. We also studied the fre-
quency of ES in patients with iliac stenosis before
any intervention and compared this with the inci-
dence rate of ES in the CFAs of an age-matched
healthy control group.
SUBJECTS AND METHODS
Patients. Patients who underwent iliac PTA
were compared with two control groups, and, there-
fore, three groups of patients were recruited. Group
I (n = 10) consisted of patients with symptomatic
iliac artery stenosis (>60%, determined with angiog-
raphy) who were prepared to undergo PTA. They
had a mean age of 63.2 years (standard deviation
[SD], ± 8.4 years) and a median ankle brachial pres-
sure index (ABI) of 0.48 (range, 0.16 to 0.73). The
patients had first been seen with short distance clau-
dication (n = 9) and short distance claudication and
rest pain (n = 1). The first control group, group II
(n = 10), consisted of patients who were ready to
undergo renal PTA. All had renal artery stenosis of
>70% diameter, with no evidence of aortoiliac dis-
ease (normal foot pulses and ABI of >1). The indi-
cations for renal PTA were impaired renal function,
uncontrolled hypertension, or both. The mean age
was 65.8 years (SD, ± 6.1 years), and the median
serum creatinine level was 216 mmol/L (range, 107
to 306 mmol/L). The second control group, group
III (n = 10), consisted of patients with no clinical
evidence of iliac atherosclerotic disease (normal foot
pulses and ABI of >1). The mean age was 70.6 years
(SD, ± 8.2 years). The subject characteristics are
summarized in Table I. Patients who had cardiac
arrhythmia, prosthetic valves, or aneurysmal disease
or who were undergoing anticoagulation therapy
were excluded from all the groups. Recordings were
possible in all the subjects, and all subjects complet-
ed the study protocol. All the subjects gave signed
informed consent, and the study was approved by
our local hospital ethics committee.
Recording. The same pulsed Doppler ultra-
sound scan machine with a 2-MHz transducer
(EME Pioneer TC 2020, Nicolet Biomedical,
Warwick, United Kingdom) was used for all the
studies. All the recordings were from the CFA at an
insonation angle of approximately 60 degrees. The
mean depth of insonation of the CFA was 38.6 mm
(SD, ± 9.0 mm), with a range of 26 to 66 mm. The
following standardized machine settings were used
throughout the study: a sample volume of 4 mm, a
power setting of 2% of the maximum power, a sweep
speed of 5.1 seconds, a scale setting of –30 to 110
cm/s, and a high-pass filter set at 120 Hz. A 128-
point fast Fourier transform was used for spectral
analysis, with a time window overlap of more than
66%. The probe was fixed in position with a special-
ly designed elasticated thigh strap, and the recording
was performed with the patient in the supine posi-
tion. In group I, the recordings were made from the
CFA ipsilateral to the PTA for a 1-hour duration
before PTA and for a 30-minute duration beginning
at 30 minutes, 2 hours, 4 hours, and 24 hours after
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the completion of PTA and the removal of the
sheath. In group II, the recordings were made from
the CFA contralateral to the renal PTA access site for
a 30-minute duration beginning at 30 minutes, 2
hours, 4 hours, and 24 hours after the completion of
the PTA and the sheath removal. In group III, a sin-
gle hour recording was made from one CFA. The
Doppler scan audio signals were recorded onto dig-
ital audiotape with a TCD-D7 recorder (Sony Ltd,
Japan) for a later, blinded off-line analysis.
Angioplasty. Iliac and renal PTA was performed
via the femoral artery route with local anesthesia. The
access for the angioplasty was from the contralateral
side to the lesion in the iliac artery stenosis group. A
6F sheath was placed in the femoral artery through
which a 5F catheter was passed into the abdominal
aorta. Angiography was performed to confirm the
degree of stenosis. An exchange wire was passed
across the stenosis, and a balloon catheter then was
passed over this. The degree of iliac stenosis deter-
mined with angiography was 60% to 69% in two sub-
jects, 70% to 79% in one subject, 80% to 89% in five
subjects, and 90% to 99% in two subjects. In all cases,
the contrast medium used was iohexol (Omnipaque,
Nylomed, Birmingham, United Kingdom), a nonion-
ic contrast agent used at concentrations of 240 and
350 mg iodine per mL. The iliac artery stenosis was
on the right in four cases and on the left in six cases.
The length of the lesion was 1 cm in one subject, 2
cm in four subjects, 3 cm in three subjects, and 4 cm
in two subjects. The balloon size (diameter/length)
was 8 mm/4 cm in five subjects, 7 mm/4 cm in three
subjects, and 5 mm/4 cm in two subjects. The lesions
were dilated three times for 30 seconds. All the
patients who underwent PTA were administered an
intra-arterial bolus dose of 5000 IU of heparin during
the procedure, and the completion angiography of
the artery that underwent angioplasty was performed
immediately after PTA. The femoral arterial sheath
then was removed, and hemostasis was achieved with
the compression of the puncture site. We did not rou-
tinely look for angiographic evidence of embolization.
Clinical evidence of distal embolization, namely splin-
ter hemorrhages and blotchy limb ischemia, was doc-
umented during the postangioplasty period.
Analysis. Tape analysis was performed off-line by
an observer (S. A.) who was blinded to subject group
and to whether or not the subjects were in the control
group. ES identification was made on the basis of the
previously documented characteristics of both experi-
mental emboli11,12 and intracerebral ES in patients13:
short-duration, unidirectional high-intensity signals
visible in the Doppler scan spectrum and accompanied
by a characteristic “clicking” or “chirping” sound. The
intensity of each ES was calculated from the color-
coded intensity scale on the screen. This can be adjust-
ed to measure its intensity to the nearest decibel.11
The relative intensity of the ES then was determined
from this color scale as the difference in intensity
between the peak intensity of the ES and the back-
ground intensity of the Doppler scan spectra in the
preceding cardiac cycle at the same velocity and posi-
tion in the cycle as the ES. The spectra and associated
audio time domain signal of all possible ES were saved
to the hard drive with the Soundtrak software that was
supplied with the machine (Nicolet Biomedical).
These results then were reviewed by a second experi-
enced observer (H. S. M.). If both the observers
agreed that the signal was an ES, then it was included
in the subsequent analysis. Interobserver reproducibil-
ity in the identification of ES by the two observers was
determined by each independently analyzing a sepa-
rate recording that was 120 minutes long and had
been prepared from CFA recordings. Agreement was
calculated with the proportion of specific agreement,
which estimates the probability that one observer will
identify a specific ES if another observer has identified
it,21 with a probability of 1 indicating complete agree-
ment. Observer one detected 74 ES, and the agree-
ment of observer one with observer two was 0.97.
Observer two detected 76 ES, and the agreement of
observer two with observer one was 1.
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Table I. Characteristics of the subjects in iliac, renal, and control groups
Iliac, group I (n = 10) Renal, group II (n = 10) Control, group III (n = 10)
Mean age (± SD; years) 63.2 (± 8.4) 65.8 (± 6.1) 70.6 (± 8.2)
Male:female ratio 5:5 1:9 7:3
Hypertension 6 (60%) 7 (70%) 4 (40%)
Diabetes 3 (30%) 6 (60%) 2 (20%)
Smoking 10 (100%) 6 (60%) 8 (80%)
Aspirin 9 (90%) 8 (80%) 5 (50%)
ABI (median) 0.48 >1 >1
SD, Standard deviation; ABI, ankle brachial index.
The difference in the proportion of ES in the
iliac group and the control groups and the difference
between the iliac PTA and renal PTA groups were
determined by the c 2 test. The intensity of ES was
normally distributed, and, therefore, comparisons
between ES intensity at different time points were
made by means of a one-way analysis of variance and
Scheffé’s test for comparisons between individual
groups. However, because most of ES occurred in a
minority of the patients, the mean intensities were
influenced greatly by data from a few patients.
Therefore, to obtain a representative analysis of ES
intensity over time, the mean intensity of the ES in
each subject at each time point was determined and
used to calculate a weighted mean.
RESULTS
Preangioplasty recording. ES were detected in
four of the subjects for iliac PTA (group I; 40%) dur-
ing the 1-hour recording period in the 24 hours
before PTA but in no controls (group III). This dif-
ference was significant (P = .025). In these four sub-
jects, 1, 10, 1, and 7 ES, respectively, were detected
in a 1-hour period. The mean intensity of ES in
these four patients was 13.70 dB (SD, ± 3.26 dB).
Postangioplasty recording. The number and
mean intensity of ES at each time point in the sub-
jects in group I are shown in Table II. ES were
found in all the patients for iliac PTA during the
early postangioplasty period. A typical ES is shown
in Fig 1. In the first recording period, which started
30 minutes after the sheath removal, ES were detect-
ed in nine of 10 subjects in the iliac PTA group but
in only one subject in the renal PTA group (P =
.0003). At 2 hours after the sheath removal, ES were
detected in eight subjects for iliac PTA but only in
the same one subject for renal PTA (P = .001). At 4
hours after the sheath removal, ES still were present
in eight subjects for iliac PTA, although at a lower
frequency (Table II), but, in contrast, no ES were
detected in the subjects for renal PTA (P = .0002).
At 24 hours after the procedure, ES still were detect-
ed in five subjects for iliac PTA at a low frequency of
one to three per 30 minutes but in no subjects for
renal PTA (P = .025). The relative intensities of ES
at different time points after iliac PTA are shown in
Table III. The mean intensity was lower at 30 min-
utes after PTA, but this was markedly influenced by
the relatively lower intensity of the ES in the one
patient (patient 1) who had 106 ES during the 30-
minute recording period. When the weighted mean
intensities were calculated, there was no change in
the ES intensity over time (Table III). No patients
showed clinical evidence of acute limb ischemia dur-
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Fig 1. Embolic signal detected in patient after iliac percutaneous transluminal angioplasty.
Intensity of Doppler scan spectra is color coded, with blue representing low intensity and red
representing high intensity. Typical short duration intensity increase over a limited velocity
range can be seen.
ing the procedure. The one subject in the renal PTA
group in whom ES were detected at 30 minutes and
2 hours after PTA, had one and five ES during the
two recording periods, respectively. On further
review of the angiogram in this patient, there was
evidence of distal aortic wall atheroma.
DISCUSSION
Our results show that ES can be detected in a
proportion of subjects with significant peripheral
artery stenosis before intervention during a single
hour recording. In contrast, ES were not detected in
an age-matched control group of patients with no
evidence of peripheral atherosclerotic disease. This
finding supports the view that distal embolization
may be important in peripheral vascular disease.22,23
The evidence that these signals represent the passage
of solid emboli is strong. Similar signals have been
produced experimentally in both the peripheral and
cerebral circulations in animal models, with emboli
composed of platelet aggregates, thrombus, fat, and
atheromatous plaque.11,12 We used a standard, com-
mercially available pulsed Doppler scan system. This
was used with a 2-MHz transducer, rather than the
higher frequency transducers that are traditionally
used for peripheral vascular ultrasound scanning. On
theoretic grounds, one would expect emboli to
result in higher intensity signals when lower fre-
quency transmitted ultrasound scanning is used, and
it has been confirmed in practice that the higher fre-
quencies detect less ES.24 In previous in vitro stud-
ies, we confirmed that the diameter of the transmit-
ted ultrasound scan beam is large enough to com-
pletely cover the CFA.
ES were detected distal to the angioplasty site in
all 10 of the patients who underwent iliac PTA.
These ES were present at a high frequency up to 2
hours after the sheath removal. They were still
detected in half of the patients at 24 hours after the
procedure, but, at this time point, the frequency of
ES per hour was low and similar to that found dur-
ing the preangioplasty recording. In contrast, ES
were detected in only one subject after renal PTA
and this subject had atheromatous plaque visible on
angiography. This may have represented the embol-
ic source. It is likely that these ES represent platelet
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Table II. Number and mean intensity of embolic signals detected at each time point in individual subjects
before and after iliac percutaneous transluminal angioplasty
ES before PTA ES at 30 minutes ES at 2 hours ES at 4 hours ES at 24 hours
Patient no. (mean intensity) (mean intensity) (mean intensity) (mean intensity) (mean intensity)
1 1 (10 dB) 106 (10.1 dB) 3 (8.6 dB) 2 (9 dB) 0
2 10 (12.5 dB) 12 (13.1 dB) 2 (9.5 dB) 1 (11 dB) 0
3 0 22 (11.2 dB) 37 (12.1 dB) 2 (9.5 dB) 1 (8 dB)
4 0 0 7 (16 dB) 0 0
5 0 1 (13 dB) 0 0 0
6 0 1 (10 dB) 0 1 (10 dB) 0
7 0 65 (14 dB) 25 (15.4 dB) 2 (17 dB) 2 (18 dB)
8 0 25 (14.9 dB) 24 (15.9 dB) 1 (14 dB) 2 (13 dB)
9 1 (12 dB) 6 (10.6 dB) 11 (12.6 dB) 3 (12.5 dB) 3 (12.6 dB)
10 7 (15.8 dB) 34 (15.9 dB) 9 (14.6 dB) 2 (20 dB) 1 (20 dB)
Total in all patients 19 272 119 14 9
ES, Embolic signals; PTA, percutaneous transluminal angioplasty.
Table III. The mean relative intensity increase of embolic signals detected both before and after iliac 
percutaneous transluminal angioplasty
Mean (SD; range) of the Weighted mean of the 
relative intensity increase relative intensity increase
(dB) (dB)
Before PTA 13.70 (3.26; 9 to 20) 13.1
30 minutes after PTA 12.42 (3.71; 7 to 22) 12.35
2 hours after PTA 13.93 (3.27; 8 to 22) 13.08
4 hours after PTA 12.80 (4.50; 6 to 20) 12.8
24 hours after PTA 14.22 (4.05; 8 to 20) 14.3
SD, Standard deviation of the mean; PTA, percutaneous transluminal angioplasty.
or thrombus emboli. Air emboli are frequent during
angiographic contrast injections.25 Although air
emboli result in ES of higher intensities than platelet
and thrombus emboli, with conventional Doppler
scan equipment, it is impossible to unambiguously
distinguish between small air emboli and larger solid
emboli. For this reason, the recordings only were
performed beginning 30 minutes after the sheath
removal, at which point any air introduced at the
time of angioplasty and angiography was unlikely to
be present. In addition, if the ES were caused by
small air bubbles, one would expect to find them at
a similar frequency in patients after renal PTA, and
this was not the case. Therefore, these results are
consistent with a transient period of thromboem-
bolism from the ruptured plaque after PTA.
Disruption of the plaque after angioplasty sets in
motion a cascade of events, including the release of
plaque debris, the deposition of platelets, and the
formation of thrombus.3,5,6 Ohki et al7 recovered
the embolic particles ex vivo in a model of carotid
angioplasty and stenting. The number substantially
varied among the specimens with a higher number
of emboli in echolucent plaques as compared with
echogenic plaques. These emboli represented a
combination of atherosclerotic debris, cholesterol,
calcified material, and platelet emboli. In addition,
the collection of distal effluent with a distal occlusive
balloon has shown the release of embolic material
during angioplasty.26 However, these studies
described what had happened at the time of angio-
plasty but not in the time immediately after the pro-
cedure, when an acutely fractured plaque is likely to
act as a strong thrombogenic surface. Our results
show that thromboembolism occurs despite the use
of preoperative aspirin in 90% of the patients and a
bolus injection of heparin in all patients.
The embolization in our patients was asympto-
matic. This is consistent with the results of a large
number of studies that monitored for cerebral
embolization. For example, in patients with recently
symptomatic carotid artery stenosis, asymptomatic
embolization may occur in as many as 20% to 70% of
individuals during a single hour recording from the
ipsilateral middle cerebral artery.14-16 Symptoms
have been found to coincide with these Doppler
scan ES in only a minority of cases.27 The usually
asymptomatic nature of these ES may be a result of
the small size of the emboli as compared with those
that resulted in stroke. However, accurate sizing of
emboli with conventional Doppler scan techniques
is not currently possible. Nevertheless, the presence
of ES has been found to predict the risk of subse-
quent transient ischemia attack and stroke in a
prospective study in patients with asymptomatic
carotid stenosis.28 Furthermore, frequent distal
embolization detected with this technique in the
first hours after carotid endarterectomy is associated
with symptomatic ischemia.20
Similar studies are necessitated in patients who
undergo peripheral arterial angioplasty to show the
clinical significance of the postangioplasty ES that
we detected. However, angioplasty can be accompa-
nied by postangioplasty embolic events, and this has
been most clearly shown after carotid angioplasty,
when stroke may occur within the first few days after
angioplasty. This finding suggests embolization of
thrombus or platelet aggregates from the ruptured
plaque.29 In addition, platelet adhesion, activation,
and aggregation at the angioplasty site has been
implicated in the pathogenesis of recurrent steno-
sis.6,30 Therefore, it would seem reasonable to
implement measures to reduce embolization in
patients who undergo peripheral PTA. The tech-
nique of Doppler scan embolus detection could be
further used to monitor the effectiveness of therapy
in this context. Similar work with transcranial
Doppler scan monitoring of the ipsilateral middle
cerebral artery has shown that antiplatelet and
antithrombotic agents can markedly reduce the fre-
quency of ES after carotid endarterectomy.31,32
CONCLUSION
We have shown that Doppler ultrasound scan-
ning can be used to detect ES in patients with
peripheral vascular disease. ES occurred at a low
frequency in a proportion of patients with iliac
stenosis before PTA. The number of ES increased
significantly in the first 2 hours after PTA. This
technique may be useful in assessing the efficacy of
antiplatelet and antithrombotic therapy in this and
other situations.
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